ABSTRACT
Introduction
lactic acid bacteria (lAB) produce a wide variety of glucansucrases (GS) and fructansucrases (FS), which synthesize glucans and fructans, respectively, from sucrose (8, 23, 27, 32) . they are promising sources of polysaccharides and oligosaccharides for health, food and nutritional applications (23, 28, 36, 45) . GS are of great interest as they synthesize specifically branched gluco-oligosaccharides, which are fermented by beneficial species of the intestinal microflora and can be used as prebiotics. FS from Lactobacillus spp. and Leuconostoc spp. are involved in the synthesis of products important for human health, with their prebiotic properties and immunomodulating activity (2, 22, 28) .
GS from glycoside hydrolase family 70 (Gh70) produce dextransucrase (ec 2.1.4.5), mutansucrase (ec 2.1.4.5), alternansucrase (ec 2.1.4.140), and reuteransucrase (ec 2.1.4.5) (1, 28) .
FS belonging to glycoside hydrolase family 68 (Gh68) are soluble or cell wall-bound enzymes that synthesize fructans from sucrose, producing glucose as a byproduct. levansucrase (ec 2.4.1.10) and inulosucrase (ec 2.4.1.9) have been well described (29, 31, 32) . Robyt and Walseth (39) reported that levansucrase is present in dextransucrase preparations obtained from Leuconostoc mesenteroides B-512F. Kang et al. (16) reported the isolation of L. mesenteroides B-512FMc levansucrase gene.
only strains from the Streptococcus, Lactobacillus and Leuconostoc genera are producers of both GS and FS (23, 25, 28, 29) . GS and FS from L. mesenteroides are sucrose inducible enzymes, whereas GS from Streptococcus spp. are produced constitutively during the growth on sugars other than sucrose (40) . it has also been demonstrated that GS are not synthesized in medium without sucrose (18, 19, 20, 30) . Several mutant strains of L. mesenteroides (nRRl B-1355, nRRl B-742 and nRRl B-512FMc) have been described to produce glucansucrase activity in a medium with glucose as a carbon source (3, 19, 20, 21) . SDS-PAGe analysis of enzyme preparations showed active bands of molecular masses 173 kDa, 184 kDa, and 240 kDa in a constitutive mutant of L. mesenteroides (nRRl B-1299) cultivated in glucose medium (10) .
Sugar metabolism in genus Leuconostoc is heterofermentative (9, 50) . When sucrose is used as a carbon source, three enzymes (sucrose phosphorylase, glucansucrase, and fructansucrase) utilize it as the sole source of energy to synthesize their products. A specific permease is responsible for the transport of sucrose into the cell where it is transformed , iskra ivanova 4 and ilia iliev by sucrose phosphorylase into fructose and glucose-1-phosphate (1). Glucose-1-phosphate is incorporated into the phosphoketolase pathway as glucose-6-phosphate, while fructose is excreted to the culture medium (35) . Fructose serves both as a substrate for the phosphoketolase pathway and as an electron acceptor (3, 37, 38) . Sucrose induces glucansucrase, fructansucrase, and sucrose-phosphorylase genes in Leuconostoc spp. Moreover, in Leuconostoc spp., fructose can act as an external electron acceptor in a reaction involving mannitol dehydrogenase (MDh), which catalyzes the conversion of fructose to mannitol (50) .
CHARACTERIZATION OF GLUCANSUCRASES AND FRUCTANSUCRASES PRODUCED BY WILD STRAINS LEUCONOSTOC MESENTEROIDES URE13 AND LEUCONOSTOC MESENTEROIDES LM17 GROWN ON GLUCOSE OR FRUCTOSE MEDIUM AS A SOLE CARBON SOURCE
Sugar transport and phosphorylation are key factors in understanding the growth behavior of bacteria (8) , but there have been few reports about the regulation of GS and FS synthesis by L. mesenteroides cultivated in media with glucose or fructose, and on the release of the end products of phosphoketolase pathway and mannitol production (50) .
We recently showed that the strains L. mesenteroides URe13 and lm17, isolated from Bulgarian homemade fermented vegetable products, excrete different types of glucansucrases and fructansucrases, when cultivated in sucrose-containing medium (46) . GS specific motifs (YG repeats from the Glucan Binding Domain) and a conserved motif from the catalytic core of FS genes from both strains share a high percentage of identity to each other, and to the repeats found in L. mesenteroides nRRl B-512F and L. mesenteroides Atcc 8293 (46) . the aim of the present work was to characterize GS and FS production by wild strains L. mesenteroides URe13 and L. mesenteroides lm17 cultivated on glucose-containing media and fructose-containing media, and also to identify the type of the produced polysaccharides. to our knowledge, the present study describes, for the first time, the FS excretion by both studied strains when grown in a glucose-and fructosecontaining medium.
Materials and Methods
Bacterial strains and culture media the strains L. mesenteroides URe13 and L. mesenteroides lm17 were obtained from the bacterial culture collection of the Department of General and industrial Microbiology, Sofia University (Bulgaria), and "SIBIO-93" Ltd, Plovdiv (Bulgaria). cultures were maintained by weekly transfer on medium (15) containing 1 % (w/v) glucose or fructose as the sole carbon source. the strains were cultivated for 6 h in a medium with 4 % glucose or 4 % fructose for production of GS and FS in conditions described by iliev et al. (15) . the culture medium (200 ml) was inoculated with 10 ml of 12 h inoculum and incubated on a rotary shaker (200 rpm) at 27 °c. the culture was stopped when the ph reached 4.5.
Biomass measurements
Bacterial growth was measured by a turbidimetric method at 620 nm and calibrated against cell dry-weight measurements, as previously described (14) .
Concentration of GS and FS
The culture medium was first centrifuged for 20 min at 10000×g and 4 °c to separate the culture supernatant containing soluble GS and FS and the pellet with cell wall-bound activity. cells were washed twice with 20 mmol/l sodium acetate buffer ph 5.2 and resuspended in the initial volume with the same buffer. The supernatant was then filtered with a Sartorius membrane (0.2 μm cutoff) to ensure the total absence of cells. Then, the filtered supernatants of glucose and fructose cultures were concentrated 10-fold, using Spin-X R UF concentrators MW 30000 (corning ® , Corning, NY, USA). GS and FS were concentrated by using aqueous twophase partition between dextran (native or exogenous) and polyethyleneglycol (PeG) (11, 34) . After addition of PeG-1500 to get the final concentration of 20 % (w/v), the dextran-rich phase containing GS and FS was separated by centrifugation at 7000×g for 20 min at 4 °c, collected in the pellet, and diluted in 20 mmol/l sodium acetate buffer, ph 5.4.
Purification of GS
the supernatant obtained after centrifugation of the culture medium at 10000×g for 20 min at 4 °C was filtered with a Sartorius membrane (0.2 μm cut-off) to ensure the total absence of cells. Then, the filtered supernatants of sucrose and fructose cultures were concentrated 10-fold using Spin-X R UF concentrators MW 30000 (corning). the concentrated supernatant was fractionated on PeG 1500, and the precipitate at the concentration of 20 % PeG 1500 was collected by centrifugation at 7000×g for 20 min at 4 °c. the precipitates were redissolved in 20 mmol/l sodium acetate buffer, ph 5.4 containing 30 % glycerol (buffer A). the dissolved PeG fraction was put directly on Sepharose cl-6B column (XK16/70 column) previously equilibrated with buffer A. the column was washed with 150 ml of buffer A and proteins were eluted with the same buffer. Active fractions were determined by in situ analysis after SDS-PAGe and periodic acid-Schiff staining (26, 43) . Fractions of GSs were pooled and the volume was reduced 10-fold by Spin-X R UF concentrators MW 30000 (corning).
Enzyme activity assays
For dextransucrase, one unit is defined as the amount of enzyme that catalyzes the formation of 1 µmol of fructose per 1 min at 30 ºc in 20 mmol/l sodium acetate buffer (ph 5.4), 0.05 g/l cacl 2 and 100 g/l sucrose. Additionally, D-fructose was determined with hexokinase, glucose-6-phosphate dehydrogenase, and phosphoglucose isomerase (commercially available kit, cat. no. K-FRUGl, Megazyme international ireland ltd, Wicklow, ireland).
For FS, one unit is defined as the amount of enzyme that catalyzes the formation of 1 µmol of glucose per 1 min at 30 ºc in 20 mmol/l sodium acetate buffer (ph 5.4), 0.05 g/l cacl 2 and 100 g/l sucrose. Additionally, D-glucose was determined with hexokinase, glucose-6-phosphate dehydrogenase, and phosphoglucose isomerase (commercially available kit, cat. no. K-FRUGl, Megazyme).
Protein determination
Proteins were assayed by the method of Bradford (5) by using bovine serum albumin as a standard.
Electrophoresis analysis SDS-PAGE (70 mm × 80 mm slab gels, 5 % acrylamide) was performed according to the method of laemmli (24) . the proteins were stained with coomassie Brilliant Blue R 250 (Sigma Chemical Co., FOT Ltd, Sofia, Bulgaria) and also according to the silver nitrate staining protocol (7) . GS and FS activities were detected by incubating the gels in 10 % sucrose or 2 % raffinose overnight, followed by staining of polysaccharides according to a periodic acid-Schiff's procedure (26) . Precision Plus Protein (Bio-Rad, cat. no. 161-0374, Marnes-la-coquette, France) was used as a protein standard.
GS activity bands on SDS gels were located by washing the gels with 20 mmol/l sodium acetate, ph 5.4, containing 2 mmol/l cacl 2 , then incubating the gels at 23 °c for 3 h in 20 mmol/l acetate buffer and 10 U/ml dextranase from Penicillium spp. (Sigma, cat. no. D8144-500Un). FS activity bands on SDS gels were located by the same procedure used for GS but dextranase was replaced with 10 U/ml inulinase (Megazyme, cat. no. e-enDoiAn). Dextranase hydrolyzes dextrans containing α-(1→6) glycosidic linkages but do not hydrolyze polymers containing a significant number of α-(1→3) or other linkages. The gels were then washed again and stained as described above by the periodic acid-Schiff method (26, 43) .
Analytical methods
During the exponential and stationary phases of the growth of bacteria, lactic acid was determined with l-lactate dehydrogenase and D-lactate dehydrogenase (commercially available kit, cat. no. K-DlAte, Megazyme). Acetic acid was determined enzymatically with acetyl-coA synthetase, citrate synthase and malate dehydrogenase (commercially available kit, cat. no. K-Acet, Megazyme). ethanol was determined enzymatically with alcohol dehydrogenase and aldehyde dehydrogenase (commercially available kit, cat. no. K-etoh, Megazyme). D-Glucose/D-Fructose was determined by a UV-method, enzymatically with hexokinase, glucose-6P dehydrogenase and phospho-glucose isomerase (Megazyme, cat. no. K-FRUGl).
All the experiments were performed in triplicate.
Preparation of cell-free extract L. mesenteroides URe13 and L. mesenteroides lm17 were collected after 2 h, 3 h, 4 h, 5 h or 6 h by centrifugation and washed two times with 20 mmol/l phosphate buffer ph 7.0. cells were resuspended in a cold sonication buffer containing 1.25 ml of 2 mol/l tris-hcl, ph 7.0; 0.5 ml of 1 mol/l Mgcl 2 ; 0.1 ml of 0.5 mol/l eDtA; 30 ml of 50 % (v/v) glycerol; 0.5 ml of 100 mmol/l dithiothreitol (Dtt), and 1.5 ml Protease inhibitor cocktail (Sigma, cat. no. P8466) for a total volume of 50 ml. the cells were then sonicated (techpan Ultrasonic Disintegrator UD-20, Warsaw, Poland) for 35 × 15 s with 30 s cooling on ice between pulses. The cell debris was separated by centrifugation (9000 rpm, 15 min, 4 °c) and the supernatant was used as a cell-free extract.
Assay of alcohol dehydrogenase, D-lactate dehydrogenase, mannitol dehydrogenase and fructokinase activity All enzyme activities were measured spectrophotometrically with a Beckman coulter DU 800 spectrophotometer. the alcohol dehydrogenase (AlcDh) activity was measured at 25 °c and 340 nm on the basis of the initial rates of nADh and nADPh formation after the addition of enzyme to a 1 cm cuvette containing 50 mmol/l pyrophosphate buffer ph 8.5; 7.5 mmol/l nAD + or nADP + ; 3.2 % (v/v) ethanol and distilled water in a final volume of 1.0 mL. One unit of AlcDH activity was defined as the amount of enzyme catalyzing the formation of 1 µmol of nADh or nADPh per minute under the above assay conditions. D-lactate dehydrogenase (D-lDh) activity was assayed at 30 °c in 40 mmol/l tris-hcl buffer ph 9.0; 10 mmol/l nAD + ; 100 mmol/l D-lactic acid; distilled water and enzyme in a final volume of 1.0 mL. The reduction of NAD + was measured at 340 nm in a 1 cm cuvette. one unit of lDh activity was defined as the amount of enzyme catalyzing the formation of 1 µmol of nADh per minute under the above assay conditions.
Mannitol dehydrogenase (MDh) activity was assayed at 30 °c in 18 mmol/l sodium acetate buffer (ph 5.3); 0.21 mmol/l nADh; 100 mmol/l D-fructose; distilled water and enzyme in a final volume of 1.2 mL. The oxidation of nADh was measured at 340 nm in a 1 cm cuvette. one unit of MDH activity was defined as the amount of enzyme catalyzing the reduction of 1 µmol of D-fructose per minute under the above assay conditions. Fructokinase (FK) activity was assayed according to spectrophotometric method of Sebastian and Asensio (42) . the standard assay mixture (200 µl at 30 °c) contained 100 mmol/l sodium phosphate, 2.7 mmol/l fructose, 10 mol/l AtP, and 10 mmol/l Mgcl 2 (ph 6.5). After pre incubation at 30 °c, the reaction was started with the addition of an aliquot of FK (cell free-extract). the mixture was incubated for 5 min, and the reaction was then stopped by heating at 80 °c for 5 min. the fructose-6-phosphate concentration was determined by the addition of 3 mmol/l nADP + , 0.2 U of phosphoglucose isomerase, and 1 U of glucose-6-phosphate dehydrogenase in 100 mmol/L Tris-HCl (pH 7.8) to a final volume of 1 mL and a subsequent incubation at room temperature. the reduced nADPh was detected at 340 nm after 10 min. one unit of FK activity was defined as the amount of enzyme catalyzing the formation of 1 µmol of fructose-6-phosphate per minute under the above assay conditions. All activities were assayed at least in triplicate (variation <3.0 %), and average values are given.
Polymer synthesis and analysis
Polymers were synthesized by incubating 1 U/ml of GS in a 20 mmol/l sodium acetate buffer (ph 5.4) containing 100 g/l of sucrose, 0.05 g/l of cacl 2 , and 1 g/l of nan 3 . the synthesized polymers were precipitated with ethanol at a 75 % (v/v) final concentration, washed twice with ultra pure water, and freezedried. Polymers (0.5 %, w/v) were dissolved or suspended in sodium acetate buffer (20 mmol/l, ph 5.4, containing 1 g/l of nan 3 ) and incubated with Penicillium sp. dextranase (Sigma, cat. no. D8144-500Un) (1.0 U/ml) and with amyloglucosidase from Aspergillus niger (Fluka Biochemika, cat. no. 10115, Sigma) (0.5 U/ml) for 24 h at 28 °c.
Sugars (residual glucose, fructose, and oligosaccharides after enzyme hydrolysis of the synthesized polymers) were determined by hPlc, using Zorbax carbohydrate column (4.6 mm×150 mm; Agilent, Santa Clara, CA, USA), analytical guard column Zorbax nh 2 (4.6 mm×12.5 mm), and a mobile phase of 75/25 (v/v) acetonitrile/water. Breeze chromatography Manager Software (Waters, Milford, MA, USA) was used for data treatment.
All experiments were performed in triplicate and standard deviations were calculated from duplicate samples from three separate experiments. 
Statistical analysis
In all the cases the software Programmable scientific calculation "CITIZEN" SRP-45N and Excel XP-2000 were used for analysis.
Results and Discussion
Study of GS and FS activity in L. mesenteroides URE13 and L. mesenteroides Lm17 We have previously shown (46) that L. mesenteroides URe13 and L. mesenteroides lm17 produce soluble GS and FS with molecular masses of 180 kDa and 120 kDa, respectively, when sucrose was the major carbohydrate in the growth medium. Additionally, strain URe13 showed also GS activity corresponding to a protein of about 300 kDa (46) . in the present study we compared GS and FS expressed by L. mesenteroides URe13 and L. mesenteroides lm17 cultivated in media supplemented with 4 % glucose or 4 % fructose as main carbon sources (Fig. 1) .
the GS activity in glucose or fructose medium was usually 3.5-20-fold lower than that obtained in sucrose-containing medium. the maximum of GS activity in the supernatant in glucose medium was measured at the 5 th h of cultivation for L. mesenteroides URe13 (1.3 U/mg protein) and for L. mesenteroides lm17 (0.65 U/mg protein) (Fig. 1) .
in fructose-containing medium, L. mesenteroides lm17 showed the highest soluble enzyme activity -2.91 U/mg protein at the 6 th h of cultivation (Fig. 1) . the cell wall-bound GS activity in sucrose medium was higher (10-20-fold) than that measured in glucose or fructose media for both strains. the maximum cell wall-bound activity for L. mesenteroides URe13 was 5.32 U/mg protein during cultivation in sucrose medium. the cell wall-bound GS activity in fructose medium was higher (2-5-fold) for both strains (0.24 U/mg and 0.125 U/mg protein for L. mesenteroides URe13 and L. mesenteroides lm17, respectively) than those determined in medium containing glucose. the ratio soluble/cell wall-bound GS dramatically changes when L. mesenteroides URe13 was cultivated in glucose (17.10) or fructose (5.92) medium instead of sucrose (1.69), while for L. mesenteroides lm17 this phenomenon was not observed. the production of GS was related to the growth rate (Fig. 1) . The measured final biomass concentrations were two times lower for both strains cultivated in glucose, and three times lower in fructose medium than in sucrose medium.
Identification of GS and FS activity bands on SDS gels
Since assays cannot differentiate GS from FS, it was necessary to confirm by SDS-PAGE that GS and FS were produced in the medium containing glucose or fructose.
in order to determine the type of GS activity obtained, the gels were also treated with dextranase after incubation in 10 % sucrose (data not shown). the active bands (300 kDa, 170 kDa, and 180 kDa for strain URe13, and 170 kDa and 180 kDa for strain lm17) disappeared after the action of dextranase as a result of the hydrolysis of α-(1→6) glycoside linkages in dextran. it can be concluded that L. mesenteroides URe13 secreted three types of GS (molecular mass of 170 kDa, 180 kDa, and 300 kDa) and L. mesenteroides lm17 secreted two types of GS (molecular mass of 170 kDa and 180 kDa) after growth in medium with glucose or fructose ( Fig. 2A-C) . Fig. 2 . SDS-PAGe analysis of soluble and cell wall-bound GS produced by L. mesenteroides URe13 and L. mesenteroides lm17 in media with sucrose, glucose, or fructose as a sole carbohydrate source. the gels were incubated in 10 % sucrose. Supernatant fractions (A), cell wall-bound fractions (B), and silver nitrate staining of supernatant fractions (C). lane R: protein standard (Bio-Rad); lanes 1-3: strain URe13 on sucrose (1), glucose (2), fructose (3); lanes 4-6: strain lm17 on sucrose (4), glucose (5), fructose (6) . the initial concentration of the samples used for GS activity was equal (1.5 mg/ml) in each lane. FS were also identified by incubation of SDS gels in 2 % raffinose, and also after treatment with dextranase to eliminate any GS bands, and then staining according to the periodic acidSchiff method (Fig. 3A, B) . Both studied strains produce two soluble FS and two cell wall-bound FS. the active FS band of 120 kDa is similar to the active band of levansucrase produced by L. mesenteroides nRRl B-512F. the second active band (86 kDa) is similar to the active band of inulosucrase produced by L. mesenteroides Atcc 8293.
Involvement of some enzymes in the carbohydrate metabolism
The specific activities of enzymes connected with the end products such as lactate, mannitol and ethanol, were studied. high level of D-lDh activity in both strains corresponded mainly to the production of lactic acid in the presence of all the studied carbohydrates. D-lDh activity in strain URe13 grown in glucose medium was higher (3.14 U/mg protein) than that observed in the case of strain lm17 (2.87 U/mg protein). Generally, AlcDh activity was different when checked during the cultivation of the strains in sucrose, glucose, or fructose. When grown in sucrose medium, strain URe13 showed two times higher AlcDh activity (0.71 U/mg protein) than strain lm17 (0.36 U/mg protein). the lowest levels of AlcDh activities were observed when strain URe13 (0.12 U/mg protein) and strain lm17 (0.10 U/mg protein) were grown on fructose.
the measurement of the activity of mannitol dehydrogenase (MDh) showed that it is dependent on the culture medium of the studied strains. MDh activity measured with strain URe13 (1.18 U/mg protein) was 4 times higher than that measured with strain lm17 (0.29 U/mg protein) when both strains were cultivated on sucrose. When fructose was used as a sole carbohydrate source, the highest specific MDH activity was obtained for both strains (1.72 U/mg and 0.66 U/mg protein for strains URe13 and lm17, respectively), at the 6 th h of cultivation.
the highest activity of fructokinase (FK) was observed in both strains cultivated on fructose medium (15.64 U/ mg and 12.87 U/mg protein for strains URe13 and lm17, respectively).
Study of products formed from glucose and fructose the utilization of glucose and fructose during the growth of the studied strains was determined ( Table 1) . the utilization of glucose until the 6 th h of cultivation was similar for both studied strains and about 35 % of the initial glucose remained in the culture media. on the other hand, when grown on fructose medium, strain URe13 showed about 68 % assimilation of this monosaccharide, while for strain lm17 only 38 % were utilized ( Table 1) .
Studying the fermentation profiles of the strains, it could be concluded that the activity of GS and FS was strongly associated with the cell growth ( Table 1) .
Leuconostoc metabolize the studied carbohydrates through the heterofermentative phosphoketolase pathway with main production of lactate, acetate and ethanol (50) . in Fig. 4 , it can be seen that both of the studied strains produce predominantly D-lactic acid. the ratios lactate/acetate/ethanol for strains URe13 and lm17 grown in sucrose medium were similar 4.5/3.0/1.0 and 5.0/3.0/1.0, respectively, after 6 h cultivation (Fig. 4) . When the strains URe13 and lm17 were cultivated on glucose medium, both strains mainly produced D-lactic acid and the ratios lactate/acetate/ethanol were 8.0/4.6/1.0 and 6.6/1.0/1.2, respectively, after 6 h cultivation (Fig. 4) . in fructose medium, strains URe13 and lm17 produced mainly D-lactic acid and acetic acid in a similar ratio near 2/1 (Fig. 4) .
Polymer characterization
Polysaccharide synthesis was carried out in 10 % sucrose solution with soluble enzymes from L. mesenteroides URe13 and lm17, produced by fermentation of glucose, fructose, and sucrose media, and partly purified and concentrated using corning ® Spin-X R UF concentrators MW 30000. GS from URe 13, produced by fermentation of fructose media and concentrated using corning ® Spin-X R UF concentrators MW 30000 was purified on XK16/70 column with Sepharose CL-6B (Fig. 5) . three main peaks (fractions 6, 12 and 16) were eluted (Fig. 5A) . three bands with MW ~300 kDa, 180 kDa, and 120 kDa were observed in SDS-PAGe for fractions 6 and 12. Fraction 16 showed only one band of 180 kDa (Fig. 5B) . A study of the type of polymers synthesized by purified GSs of the studied strains, and an analysis of the products after hydrolysis of the polymers with dextranase from Penicillium spp. and amyloglucosidase from Aspergillus spp. was carried out. As shown in Table 2 , the supposed types of polymers synthesized by the three preparations were similar. the results showed linear structure of the synthesized polymers presumably corresponding to dextran with 84 % to 96 % α-(1→6) glycosidic bonds, which is in agreement with the data shown by Monsan et al. (28) .
Final remarks in the present work it was shown that two wild strains of L. mesenteroides, cultivated in media with glucose or fructose as a sole carbohydrate source secreted soluble GS with molecular masses of 170 kDa and 180 kDa, and two different FS with molecular masses of 120 kDa and 86 kDa. our previous results indicated that strain L. mesenteroides URe 13 produces an additional GS with a molecular mass of 300 kDa only when the cultivation was performed on sucrose (46) . We would like to emphasize that in the case of cultivation of strain L. mesenteroides URe 13 on glucose or fructose media, a band of 300 kDa was also detected. our results are in agreement with those published by olvera et al. (32) , Bounaix et al. (6) and Vidal et al. (47) . it is worthwhile that both strains showed higher activity during cultivation on fructose than on glucose. the protein of 180 kDa corresponds to dextransucrase produced by L. mesenteroides nRRl-B512F (12, 48) . the protein of 120 kDa corresponds to FS (6, 32) .
it was shown that the studied strains produced cell wallbound GS and FS with molecular mass of 180 kDa and 120 kDa, respectively. According to Monsan et al. (27) the majority of the bands observed are present both in the soluble and cell wallbound fractions, and migrated at the same level, indicating that the enzymes present in the two fractions are probably the same (27) . Both of the studied strains produce two similar soluble GS (170 kDa and 180 kDa) and only one GtF with molecular mass of 180 kDa. According to Monsan et al. (27) , small differences in the molecular mass could be observed due to variations in the electrophoretic conditions, to proteolytic degradation, or to dextran contamination of the protein preparation. Dols et al. (10) demonstrated that L. mesenteroides nRRl B1299 produced two similar GS (molecular mass of 183 kDa and 186 kDa) when cultivated in fructose medium. Smith and Zahnley (44) showed that eight strains of L. mesenteroides produced low but detectable GS when glucose, maltose or melibiose replaced sucrose as the growth substrate. Four of these strains produced FS of approximately 130 kDa in medium with or without sucrose (44) . Several heterofermentative lAB belonging to the genera Lactobacillus and Leuconostoc have been studied for production of mannitol from fructose and sucrose (33, 41) . For heterofermentative lAB, fructose acts as an electron acceptor for regeneration of nAD + and such strains contain nAD(P)h mannitol dehydrogenase (MDh) (49) . From the results of this study, it is clear that fructose stimulates the activity of MDh in the early hours of cultivation (in the first 6 h) in both of the studied strains. Sucrose also had the same effect on the activity of MDh. consequently, it could be assumed that the studied strains are mannitol + . our preliminary results are in agreement with those of Kim et al. (17) and Patra et al. (33) . it could be hypothesized that our strains have the potential to be used in further studies dealing with the production of fructans and mannitol.
the peculiarities of the carbon metabolism of obligatory heterofermentative lAB showed that the fermentation of hexoses includes limiting steps, which could be overcome by modifications of the fermentation reaction or by the use of electron acceptors like fructose, o 2 , pyruvate, or citrate.
Moreover, excess hexoses are also used for the production of exopolysaccharides like dextran and levan (50) .
the activities of lDh were very close in both of the studied strains. the highest activity of FK was observed in the case of cultivation on fructose. When fructose is present as the only hexose, it serves both as a substrate for the phosphoketolase pathway and as an electron acceptor (37, 38) . in glucose/ fructose co-fermentation, fructose is used mostly as an electron acceptor, whereas glucose is channeled to the phosphoketolase pathway, as demonstrated by the use of 13 c labeled glucose and fructose (38) .
Phosphorylation transforms part of the fructose to glucose-6-phosphate, which is then assimilated through the heterofermentative phosphoketolase pathway with predominant formation of lactate and acetate. Another portion of the fructose serves as an electron acceptor for regeneration of nAD + and is reduced by MDh to mannitol. the net equation of the fructose fermentation is as follows: (13) . MDh catalyses the transformation of fructose to glucose-6-phosphate, which then enters in the heterofermentative phosphoketolase pathway (4). thus, heterofermentative lAB are able to use a variety of unusual fermentation reactions in addition to classical heterofermentation.
A good correlation was observed between the type of synthesized polymer and GS with molecular mass of 180 kDa for the two studied strains. Purified GS with the same molecular mass from URe 13, cultivated on fructose medium synthesized a dextran-type polymer, too. the enzymes with such mass produce a dextran-type polysaccharide. to our knowledge, such activity bands produced by both the studied L. mesenteroides strains grown on glucose or fructose are reported here for the first time.
We have shown that soluble GS with molecular mass of 300 kDa also produces a dextran-type polymer. in comparison, it was shown that GS with molecular mass of 300 kDa from strain Attc 8293, obtained in the supernatant or cell wall-bound, synthesizes the same dextran-type polysaccharides (6, 32) .
Conclusions
L. mesenteroides URe13 and lm17 produces a detectable soluble GS activity when glucose and fructose replace sucrose as a carbon source. When L. mesenteroides URe13 and lm17 were grown on media containing glucose or fructose, the soluble enzyme activity was higher than the cell wall-bound activity. Both strains produce GS and FS with molecular mass of 170 kDa to 180 kDa, and 120 kDa, respectively. in addition, URe13 produce a 300 kDa soluble GS during cultivation on glucose-or fructose-containing media. This confirms that the production of glycosyltransferases is not only sucrosedependent, but is also detected when other sugars are used. Some physiological differences were observed during the cultivation on different carbon sources. to our knowledge, the present study is the first attempt to understand the correlation between the activities of GS, MDh, and lDh.
